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WHAT IS CLAIMED IS: 
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[\£m interband tunnel diode, comprising: 
a bottom injector; 
a bottomsspacer; 
a top spacer 

a top injectorfermed adjacent to, but not necessarily in direct contact with, the bottom 
injector, the bottom injedtor and top injector layers forming a p-n junction; and 

a material inserted b^ween the bottom injector and top injector which serves as a tunnel 

barrier. 

2. The interband tunnel diode as recited in claim 1, wherein the layers in the interband 
tunnel diode are a semiconductor or insulator. 



3. The interband tunnel diode as rei 
tunnel diode are a Si compatible material. 



ited iii claim 1 , wherein the layers in the interband 



4. The interband tunnel diode as recited/ 
tunnel diode are comprised of a Group IV alloj 



;laim l/ wherein the layers in the interband 



5. The interband tunnel diode as reci/ed in claifnV wherein the layers in the interband 
tunnel diode are comprised of, but not limited to, Si,|Ge, Q\Sn, Si,. x Ge x , Si^Q, Si^Sn^ Si,. x . 
y Ge x C y , Si^Ge^Sn,, Si,_ x O x , Si^N,, Al Nx O x , or cipbinati^ thereof. 

6. The interband tunnel diode as recited in claim 1, whereir^the tunnel barrier material 
is doped below 10 17 cm" 3 . 

7. The interband tunnel diode as recited in claim 1, wherein the tunnel barrier is less than 
or equal to 50 nm thick. 



8. The interband tunnel diode as recited in claim 1, wherein the tunnel 
or equal to 10 nm thick. 




less than 
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9\rhe interband tunnel diode as recited in claim 1 , wherein the doping concentrations of 
the top and Bottom injector layers are between IxlO 15 cm" 3 and 5x10" cm* 3 , and not necessarily 
equal. 

10. The interband tunnel diode as recited in claim 1, wherein the top and bottom spacer 
layers are doped beloW 10 17 cm" 3 , and not necessarily equal. 

1 1 . The interbandYinnel diode as recited in claim 1 , wherein the thickness of the top and 
bottom spacer layers are between 0 and 50 nm, and not necessarily equal. 

12. The interband tunnel\iode as recited in claim 1, wherein the thickness of the top and 
bottom spacer layers are between 0\and 10 nm, and not necessarily equal. 

13. An interband tunnel diode, comprising 
a bottom injector; 
a bottom spacer; 
a top spacer; 

a top injector formed adjacent to, but ncft rifecessc 
injector, the bottom injector and top injector lathers fdtmiag a p-n junction; 

a material inserted between the botton^injector an£ top injector which serves as a tunnel 
barrier; and 

wherein a first quantum well is formed adjacenl|to, bu^ot necessarily in direct contact 
with, the bottom injector layer and the tunnel barrier. 

14. The interband tunnel diode as recited in claim 13, wherb^n the quantum well is 
formed by an energy band offset at, or near, a heteroj unction. 

15. The interband tunnel diode as recited in claim 13, wherein the\uantum well is 
formed by a highly doped layer. 

16. The interband tunnel diode as recited in claim 13, wherein the quantih^ well is 
formed by a 8-doped layer. 



ily in direct contact with, the bottom 
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nVhe interband tunnel diode as recited in claim 13, wherein the quantum well leads to 
a resonant tu\neling between said quantum well and the opposite polarity injector layer. 

18. The lkterband tunnel diode as recited in claim 13, wherein the layers in the interband 
tunnel diode are a semiconductor or insulator. 

19. The interbahd tunnel diode as recited in claim 13, wherein the layers in the interband 
tunnel diode are a Si conroatible material. 

20. The interband tunned diode as recited in claim 13, wherein the layers in the interband 

Q \ 

t /« tunnel diode are comprised of a Ghroup IV alloy. 



4* 



21. The interband tunnel diode^as recited in claim 13, wherein the layers in the interband 



Ul tunnel diode are comprised of, but not lifnited to, Si, Ge^C, Sn, Si,. x Ge x , Si^C^ Sii_ x Sn x , Si,. 



45 y Ge x C y , Si^Ge.CySn,, Si Nx O x , Si,_ x N x , Al^,, ^combinations thereof 

2 22. The interband tunnel diode as recite^ iftclaim 16, ^herein the quantum well is doped 

W 

fU above 10 l2 cm" 2 . 

U 

P 23. The interband tunnel diode as recitgd in claim \6, wherein the quantum well is doped 

above 10 13 cm -2 . 

24. The interband tunnel diode as recited in claim) 16, wherein the quantum well material 
is less than or equal to 10 nm thick. 

25. The interband tunnel diode as recited in claim 16, wherein the^uantum well material 
is less than or equal to 2.5 nm thick. 

26. The interband tunnel diode as recited in claim 13, wherein the tunner^arrier material 
is doped below 10 17 cm" 3 . 

27. The interband tunnel diode as recited in claim 13, wherein the tunnel barrier is less 
than or equal to 50 nm thick. 
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l^The interband tunnel diode as recited in claim 13, wherein the tunnel barrier is less 
than or equal till 0 nm thick. 

29. The intdrband tunnel diode as recited in claim 13, wherein the doping concentrations 
of the top andbottomhyector layers are between lxlO 15 cm" 3 and 5xl0 22 cm" 3 , and not necessarily 
equal. 

30. The interband tunnel diode as recited in claim 13, wherein the top and bottom spacer 
layers are doped below 10 17 cm" 3 >and not necessarily equal. 

31. The interband tunnel diod^as recited in claim 13, wherein the thickness of the top 
and bottom spacer layers are between 0 arid 50 nm, and not necessarily equal. 

32. The interband tunnel diode as recited in claihi 13; wAerein the thickness of the top 
and bottom spacer layers are between 0 and 1 0 nmv^dmot necessarily equal. 

33. An interband tunnel diode, comprising:, 
a bottom injector; 
a bottom spacer; 
a top spacer; 

a top injector formed adjacent to, but not necessarily in direct contact with, the bottom 
injector, the bottom injector and top injector layers forming a p-n junbtion; 

a material inserted between the bottom injector and top injector which serves as a tunnel 

barrier; 

wherein a first quantum well is formed adjacent to, but not necessarilyVin direct contact 
with, the bottom injector layer and the tunnel barrier; and 

wherein a second quantum well is formed adjacent , but not necessarily in direct contact 
with, the bottom injector layer and the tunnel barrier. 



34. The interband tunnel diode as recited in claim 33, wherein the first and second 
quantum wells are formed by an energy band offset at, or near, a heteroj unction. 
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3\ The interband tunnel diode as recited in claim 33, wherein the first and second 
quantum weUs are formed by a highly doped layer. 

36. The\interband tunnel diode as recited in claim 33, wherein the first and second 
quantum wells arXformed by a 5-doped layer. 

37. The interband tunnel diode as recited in claim 33, wherein the first and second 
quantum wells lead to a\esonant tunneling between said quantum wells. 

38. The interband tiiraiel diode as recited in claim 33, wherein the tunnel barrier is formed 
between the bottom and top irtiector layers, wherein the first and second quantum wells are 
formed adjacent to the tunnel barrier. 

39. The interband tunnel diode\s recited in claim 33, wherein the layers in the interband 
tunnel diode are a semiconductor or insulator. 

40. The interband tunnel diode as recited inft^fim 3j, wherein the layers in the interband 
tunnel diode are a Si compatible material. \J/ I 

41. The interband tunnel diode as recited in\laim 23, wherein the layers in the interband 
tunnel diode are comprised of a Group IV alloy. \f 

42. The interband tunnel diode as nfcited in claim 33, wherein the layers in the interband 
tunnel diode are comprised of, but not limited to, Si/ Ge, C\Sn, Si,_ x Ge x , Si Nx C x , Si^Sn^ Si,. x . 
y Ge x C y , Si^Ge.CySn,, Si Nx O x , Si,. x N x , Al^O,, or combinations thereof. 

43. The interband tunnel diode as recited in claim 36, \^erein.the first and second 
quantum wells are doped above 10 12 cm' 2 , and not necessarily equal. \ 

44. The interband tunnel diode as recited in claim 36, wherein fi^e first and second 
quantum wells are doped above 10 13 cm" 2 , and not necessarily equal. \ 

45. The interband tunnel diode as recited in claim 36, wherein the firstWd second 
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quatatum well material is less than or equal to 10 nm thick, and not necessarily equal. 

16. The interband tunnel diode as recited in claim 36, wherein the first and second 
quantumVell material is less than or equal to 2.5 nm thick, and not necessarily equal. 

47. Th^interband tunnel diode as recited in claim 33, wherein the tunnel barrier material 
is doped below lV 7 cm" 3 . 

48. The interlWd tunnel diode as recited in claim 33, wherein the tunnel barrier is less 
than or equal to 50 nm thick. 

49. The interband tiWel diq^e^ recited in claim 33, wherein the tunnel barrier is less 
than or equal to 10 nm thick. 

50. The interband tunnfil (Mode as recited in claim 33, wherein the doping concentrations 
of the top and bottom injectorfliyers afc^between lxlO 15 cm" 3 and 5xl0 22 cm" 3 , and not necessarily 
equal. V 

51. The interband tunnel diod4 as reciWl in claim 33, wherein the top and bottom spacer 
layers are doped below 10 17 cm" 3 , and not necessarily equal. 

52. The interband tunnel diode as recited in cWn 33, wherein the thickness of the top 
and bottom spacer layers are between 0 and 50 nm, and nSi necessarily equal. 

53. The interband tunnel diode as recited in claim 33, wherein the thickness of the top 
and bottom spacer layers are between 0 and 10 nm, and not necessar% equal. 



54. A method of fabricating an interband tunnel diode, the method comprising the steps 



of: 



layering a bottom injector; 

layering a top injector adjacent to, but not necessarily in direct contact with, the bottom 
injector, the bottom injector and top injector layers forming a p-n junction; and 

layering a material between the bottom injector and top injector which serves as a tunnel 



Docket No. 3531-0101P 

36 

barrier. 

55. A method of fabricating an interband tunnel diode, the method comprising the steps 

of: 

layering a bottom injector; 
layering a bottom spacer; 
layering a top spacer; 

layering a top injector adjacent to, but not necessarily in direct contact with, the bottom 
injector, the bottom injector and top injector layers forming a p-n junction; and 
4? layering a material between the bottom injector and top spacers which serves as a tunnel 

*S barrier. 

M 

I'M 

y 56. A method of fabricating an interband tunnel diode, the method comprising the steps 

UJ , 
of: 

layering a bottom injector; 
layering a bottom spacer; 

ru 

layering a top spacer; 

O layering a top injector adjacent to, but not necessarily in direct contact with, the bottom 

H - _ 

injector, the bottom injector and top injector layers forming a p-n junction; and 

layering a material between the bottom injector and top injector which serves as a tunnel 
barrier; and 

wherein a quantum well is formed adjacent to, but not necessarily in direct contact with, 
the bottom injector layer and the tunnel barrier. 

57. A method of fabricating an interband tunnel diode, the method comprising the steps 



n 



of: 



layering a bottom injector; 
layering a bottom spacer; 
layering a top spacer; 

layering a top injector adjacent to, but not necessarily in direct contact with, the bottom 
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injector, the bottom injector and top injector layers forming a p-n junction; and 

layering a material between the bottom injector and top injector which serves as a tunnel 

barrier; 

wherein a first quantum well is formed adjacent to, but not necessarily in direct contact 
with, the bottom injector layer and the tunnel barrier; and 

wherein a second quantum well is formed adjacent , but not necessarily in direct contact 
with, the bottom injector layer and the tunnel barrier. 

58. The method of fabricating an interband tunnel diode as recited in claims 54, 55, 56,, 
and 57, wherein the layers in the interband tunnel diode are grown epitaxially. 

59. The method of fabricating an interband tunnel diode as recited in claims 54, 55, 56,. 
and 57, wherein the layers in the interband tunnel diode are grown epitaxially, wherein the 
epitaxial layers in the interband tunnel diode are a semiconductor or insulator. 

60. The method of fabricating an interband tunnel diode as recited in claims 54, 55, 56, 
and 57, wherein the layers in the interband tunnel diode are grown epitaxially, wherein the 
epitaxial layers in the interband tunnel diode are comprised of a Group IV alloy. 

61. The method of fabricating an interband tunnel diode as recited in claims 54, 55, 56, 
and 57, wherein the layers in the interband tunnel diode are grown epitaxially, wherein the 
epitaxial layers in the interband tunnel diode are comprised of, but not limited to, Si, Ge, C, Sn, 
Si Nx Ge x , Si^A. Si Nx Sn x , Si^_ y Ge x C y , Si w Ge x C y Sn» Si Nx O x , Si Nx N x , Al Nx O x , or combinations 
thereof. 

62. The method of fabricating an interband tunnel diode as recited in claims 54, 55, 56, 
and 57, wherein the layers in the interband tunnel diode are grown in a molecular beam epitaxial 
(MBE) growth system. 

63. The method of fabricating an interband tunnel diode as recited in claims 54, 55, 56, 
and 57, wherein the layers in the interband tunnel diode are grown in a chemical vapor deposition 
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(CVD) growth system. 

64. The method of fabricating an interband tunnel diode as recited in claims 54, 55, 56, 
and 57, further comprising the step of heat treating the interband tunnel diode, during or after 
growth of the layers in the interband tunnel diode. 

65. The method of fabricating an interband tunnel diode as recited in claims 54, 55, 56, 
and 57, further comprising the step of heat treating the interband tunnel diode, during or after 
growth of the layers in the interband tunnel diode, using an inert or reducing atmosphere, or 
moreover a reduction in ambient gas pressure at a temperature in the range of 300 to 1000°C. 

66. The method of fabricating an interband tunnel diode as recited in claims 54, 55, 56, 
and 57, further comprising the step of heat treating the interband tunnel diode, during or after 
growth of the layers in the interband tunnel diode, using an inert or reducing atmosphere, or 
moreover a reduction in ambient gas pressure at a temperature in the range of 450 to 900°C. 

67. The method of fabricating an interband tunnel diode as recited in claims 54, 55, 56, 
and 57, further comprising the step of heat treating the interband tunnel diode, during or after 
growth of the bottom quantum well layer in the interband tunnel diode. 

68. The method of fabricating an interband tunnel diode as recited in claims 54, 55, 56, 
and 57, further comprising the step of heat treating the interband tunnel diode, during or after 
growth of the top and bottom quantum well layers, the top and bottom spacer layers, or the tunnel 
barrier in the interband tunnel diode. 

69. The method of fabricating an interband tunnel diode as recited in claim 58, wherein 
the epitaxial growth system occurs over a substrate temperature range between 50°C and 900°C 
during growth of the layers in the interband tunnel diode. 

70. The method of fabricating an interband tunnel diode as recited in claim 58 further 
comprising the step of lowering the substrate temperature before or during growth of the bottom 
injector layer in the interband tunnel diode. 
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71. The method of fabricating an interband tunnel diode as recited in claim 58 further 
comprising the step of lowering the substrate temperature before or during growth of the bottom 
quantum well in the interband tunnel diode. 

72. The method of fabricating an interband tunnel diode as recited in claim 58 further 
comprising the step of elevating the substrate temperature before or during growth of the bottom 
injector layer in the interband tunnel diode. 

73. The method of fabricating an interband tunnel diode as recited in claim 58 further 

E3 comprising the step of elevating the substrate temperature before or during growth of the bottom 

fcQ quantum well in the interband tunnel diode. 
W 

m 

p 74. A method of fabricating an interband tunnel diode by heat treating, during or after 

y growth of the layers in the interband tunnel diode. 

p 75. A method of fabricating an interband tunnel diode as recited in claim 74 by heat 

treating the diode using an inert or reducing atmosphere, or moreover a reduction in ambient gas 
pressure. 

76. A method of fabricating an interband tunnel diode as recited m claim 74 by heat 
treating the diode at a temperature in the range of 300 to 1000°C. 

77. A method of fabricating an interband tunnel diode as recited in claim 74 by heat 
treating the diode at a temperature in the range of 450 to 900°C. 

78. A method of fabricating an interband tunnel diode as recited in claim 74 by heat 
treating the diode at a temperature in the range of 600 to 800°C. 

79. A method of fabricating an interband tunnel diode as recited in claim 74 by heat 
treating the diode for up to 6 hours. 

80. A method of fabricating an interband tunnel diode as recited in claim 74 by heat 
treating the diode for up to 1 hour. 



* 
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81. A method of fabricating an interband tunnel diode as recited in claim 74 by heat 
treating the diode for up to 10 minutes. 

82. A method of fabricating an interband tunnel diode as recited in claim 74 by heat 
treating the diode for up to 2 minutes. 

83. A method of fabricating an interband tunnel diode by growing at least one quantum 
well epitaxially at reduced substrate temperature. 

84. A method of fabricating an interband tunnel diode as recited in claim 83 by growing 
^9 at least one quantum well epitaxially while maintaining a substrate temperature between 0°C and 
LU 900°C. 



LM 



85. A method of fabricating an interband tunnel diode as recited in claim 83 by growing 

^ at least one quantum well epitaxially while maintaining a substrate temperature between 20°C 

ft 

O and 500°C. 
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